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Introduction

Previous inveastigotion has shown that when a non-uniform stream
flows through a cascade of blades the resulting vortex system in the
gtream direction induces velocity componentc parallel and perpendicular
to the blade span. Tests of compressor hlades at low angles of incidence
produce a downstream angle ap distribution of the general pattern
hetween and within the blades shown in Fig, 1. This type of pattern is
that expected for the vortex system shown in Fig., 2; where A4 1s the
distributed secondary vorticity due to the major turning of the stream
within the blades and B 13 the vorticity arising from the trailing
f1lament and shed circul tﬁon“ s defined in Ref. (1). Bxperiments and
theoretical calculatlons%e ’ ?33 using an impulse turbine cascade have
demonstrated conclusively the nature of these flows. In a non-impulse
cascade there 18 in addition a change of outlet angle which i1s caused by
ithe reorientation of the streamlines to satisfy the conizinuity and
const S prespure conditions, 3By using the concept of the agtuator
planel%) this variation can be predicted, As has been shown 5) the
actuator plane predicts a continuously increasing value of outlet angle
ap for a compressor cascade as the cagcade wall boundary layer is
approached from the centre of the blade span.

In the investigation reported here a quite different
distribution of outlet angle along the span was measured.

Experiments

The varration of outlet anglc dowmstream of two cascades of
compresasor blades was measured along the span of the blade at dafferent
distances botween the trailing edges of adjacent bladea. A 150 H.P.
pressure tunnel was used with 6 in. chord blades, having a span of 18 in.
and a patch of 6 in. The C4 blade profile camber wag L0° and two inlet
angles (a1 = 459, agy = 50°) were used, the corresponding incidences
being =13° and -8°. The upstream cascade wall boundary layer was
approximately 1 in, thick and was of the normal turbulent form, in the
Reynolds number range 1.1 to 1.4 X 103,

The results are shown in Mg, 3(a) and (b) and should be
compared with the more conventional distrabution of angle as in Fig. 1.
To assist in the discussion the curves of Fig. 3{a) are repeated in
staggered form in Fig. 4 and those of Fig. 3(b) mn Fig. 5.

Addrtionally, during the oxperaiments with a9 = L45° the
position of transition from laminar to bturbulent flow on the blado
suction surface was located by means of hot wire turbulent measurements™,
No change in the position was found throughout the central 15 ins. of the
blade span, 1t 1s therefore unlakely that the a» distribution 1s due to
diLfferences in Reynolds number along the blads.

Measurements/

+By a colleague D. L. Martlew
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Measurements of the ocutlet angle have also been made using
these blades, over a wide range of Reynolds number and a summary of the
resylts 1s presented in Fig. 6,

Discussion

The followang hypothesis 1s proposed to account for these
experimental measurements.

At high negative incidences and low Reynelds numbers the
deflection of the blading 1s small, e.g., approximately 11° in the first
of these experiments. The secondary distributed vorticity will thercfors
not be very large. With an incidonce of -13° however 1t can be expected
that the stagnation point will be well round the nose on the convex
blade surface, Consider now two streamlines near a stagnation sireamline,
As they approach the stagnation point, they daivide, one passing round the
convex profile and being turned a little mwore than 11° whilst the other,
efter the stagnation point, i1z turned rapidly over 90° in the opposite
direction, followed by the main 11° turning in the blading darection.

The main secondary digtributed voriticity will therefore be heavily
opposed near the concave surface and 1t might be expected that with
high negative incidences this "peverscd" vorticity component will
predominate. It should be noted that this additional vort%c}ty 18 not
to be confuzged with the nose vortices discussed previously 5).  These
are of the opposite gign since they are caused by the initial reverse
rotation Just upstream of the stagnation point.

If there is then a strong "reversed secondary vortex" lying in
the corner of the wall and the concave blade surface the air outlet angls
would first decrease and then increase rapldly as the wall 18 approached
from the blade centrc lins, This 1s exactly what 18 found vaz., curves
A and B of Fig. 4 whaich are 1 in. and 1} ins. respectively from the
concave surface, also curve L of Fig. 5 which i1s 1 in. from the concave
surface. As we move {urther from lhe concave to the convex surface the
true secondary vortacity will become more important and shoulda show an
increase followed by a considerable decrease of ap from centre line Yo
wall. This clearly is the flattconing at about 2 ins. from the wall of the
curves C to @ of Fig. 4, each of which 18 progressively nearer the
convex surface. Tho same effect 1s oven more evident in curves M, N and
P of Pag. 5. It will however be noticed that the last poinl of curve P
1s higher than the remainder. This may be due to the blade boundary layer
separation in the corner and the refilling of the gap so created by higher
energy alir from the adjacent passage (see Ref. (5))s; or to the rooricntation
predicted by the actuator plane.

At even higher negative incidences the increase in over tuming
of the air between the blade centro line and the wall boundary layer
should become more evident.

If the streamlines ncar the leading cdge could be accurately
obtained there 18 no reason to suppose that the effects could not be
calculated by using the theory of Hawthorne(6 . Thiz however is not at
present practicable,

Conclusion

Jeasurements have shown that when blades operate at high
negative incidences in non-uniform streams a variation of outlet angle
1s obtained which may be qualitativcly explained by considering the
detarled curvature of the streamlinces. The ap variation 1s
considerably different from that anticipated using the conventional
theory.
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